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1 . 0 B A C K G R O U N D A N D S T U D Y O B J E C T I V E S
The Vasquez Boulevard and 1-70 (VBI70) site is an area located in north-central Denver,
Colorado . On July 22 ,1999, USEPA added this area to the N a t i o n a l Prior i ty Lis t (NPL) of
S u p e r f u n d s i tes , making it e l i g i b l e to receive f ed era l f u n d s for inve s t iga t ion and cleanup.
The site is characterized mainly by re s ident ial neighborhoods, with scattered commercial/
industrial propert i e s . I n v e s t i g a t i o n s related to a nearby site (the G l o b e sme l t e r) resulted in the
observation that some res idential prop er t i e s in the V B I 7 0 area have elevated l eve l s of arsenic
and/or lead in yard soils. EPA's initial s tudies at the site (referred to as Phase I and Phase II)
revealed that contaminant l eve l s (mainly arsenic) could be quite high in some proper t i e s , but that
the spa t ia l pattern was unpredic tab l e (impacted proper t i e s o f t e n occur ad jac en t to unimpacted
proper t i e s). A large-scale s ampl ing p l a n referred to as Phase III Field I n v e s t i g a t i o n i s currently
underway to obtain add i t i ona l in f ormat i on on the pattern and extent of contamination (USEPA
1999a).
When elevated l eve l s of arsenic and/or lead exist in so i l , res idents may be exposed by direct
ingest ion of the soil while working outdoors, or may be exposed i n d i r e c t l y by inges t ion of indoor
dust contaminated with soil. The hazards of such exposures can be estimated by using s imp l e
exposure and risk based model s , but direct measurement of the actual level of exposure also
provides u s e fu l informat ion. Exposure to lead is g enera l ly evaluated by measurement of lead
l eve l s in b lood. Exposure to arsenic may be evaluated either by measurement of arsenic in urine
(this g enera l ly r e f l e c t s recent exposures) or in hair (thi s g enera l ly r e f l e c t s longer term exposures).
Based on this, EPA es tabl i shed a program in con junc t i on with the Phase I and II s tudie s to
co l l e c t b l o o d , hair and urine sample s f rom ind iv idua l s who resided at locat ions i d e n t i f i e d by EPA
as being candida t e s for time-critical soil removal actions (USEPA 1998a,b; 1999b). A l t h o u g h
l i m i t e d , these biomonitoring data did not reveal any i n d i v i d u a l s with exposure l ev e l s that were
c l ear ly elevated or in a range of short-term heal th concern. Never th e l e s s , as Phase III s a m p l i n g
progresses, U S E P A wishes to continue this voluntary biomonitoring program in order to
p r o m p t l y i d e n t i f y any i n d i v i d u a l s with exposures to lead and/or arsenic that are s u f f i c i e n t l y high
that short-term interventions may be needed to protect pub l i c health. Consequent ly, the ob j e c t ive
of this component of the Phase III F i e l d I n v e s t i g a t i o n is to:

Collect biological samples from residents at properties known to contain
elevated levels of lead and/or arsenic in order to identify individuals with
exposures that are of potential short-term health concern.
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2 . 0 D A T A Q U A L I T Y O B J E C T I V E S
Data Qual i ty Obje c t ive s (DQOs) are s tatements that d e f i n e the t y p e , q u a l i t y , quantity, purpo s e
and use of data to be c o l l e c t e d . The d e s i gn of a s tudy is c l o s e l y tied to the data qua l i ty
o b j e c t i v e s , which serve as the basis for important deci s ions regarding key de s ign f eature s such as
the number and locat ion of sample s to be c o l l e c t e d , the chemical analyses to be p e r f o r m e d , etc.
U S E P A has pub l i sh ed a number of guidance documents on the DQO process (USEPA 1994,
1996, 1998c), and this s a m p l i n g p l a n has been d e v e l o p e d in accord with that guidance. In b r i e f ,
the DQO process f o l l o w s a seven-step procedure, as f o l l o w s :

1. S t a t e the prob l em that the s tudy is d e s igned to addres s
2. Identify the dec i s ions to be made with the data obtained
3. I d e n t i f y the t y p e s of data inpu t s needed to make the dec i s ion
4. D e f i n e the bounds (in space and t ime) of the s tudy
5. D e f i n e the deci s ion rule which w i l l be used to make dec i s ions
6. D e f i n e the a c c ep tab l e l i m i t s on dec i s i on errors
7. Optimize the d e s i g n for ob ta in ing data in an i t erat ive f a s h i o n using i n f o r m a t i o n

and DQOs i d e n t i f i e d in S t e p s 1 -6
F o l l o w i n g these seven s t ep s h e l p s ensure that the p r o j e c t p l a n is c a r e f u l l y thought out and that
the data c o l l e c t e d wi l l prov ide s u f f i c i e n t in f ormat i on to support the key dec i s ions which must be
made. The f o l l o w i n g sections summarize the a p p l i c a t i o n of the DQO process to the d e s i g n of the
biomonitoring program.
S t e p 1. S t a t e the Problem
As the Phase III F i e l d I n v e s t i g a t i o n P r o j e c t Plan i s i m p l e m e n t e d , i t i s expected that some
proper t i e s with elevated l ev e l s of lead and/or arsenic w i l l be discovered. Limi t ed b iomonitoring
data c o l l e c t ed in association with the Phase I and Phase II inve s t iga t i on s suggest that human
exposures at proper t i e s with high l e v e l s of lead and/or arsenic may not be as high as p r e d i c t e d by
t r a d i t i o n a l USEPA exposure mode l s . However, these b iomoni tor ing data are not s u f f i c i e n t to
conclude that cases of immediate h e a l t h concern might not occur at prop er t i e s discovered dur ing
Phase III. T h e r e f o r e , in order to be pro t e c t iv e , U S E P A seeks to obtain direct e s t imate s of
exposure to lead and arsenic in i n d i v i d u a l s who l ive at locat ions with high arsenic or lead l e v e l s
in soil in order to j u d g e what actions, if any, need be taken immedia t e ly .
S t e p 2. I d e n t i f y the Decision to Be M a d e
The decision to be made is whether a short-term intervention is needed at a residence where
elevated l ev e l s of lead and/or arsenic have been discovered. N o t e that a short-term intervention
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might take a number of f orms , ranging f r om s i m p l e education of r e s ident s regarding pro t e c t ive
s t ep s they might take to an actual removal of contaminated so i l s . A l s o note that a f i n d i n g that no
short-term intervention is needed at a p r o p e r t y is not equivalent to a deci s ion that no remedial
(non-t ime-cr i t i ca l) action is needed. I n d e e d , it is expected that p r o p e r t i e s with soil l ev e l s high
enough to warrant biomonitoring are l i k e l y candidates for remedial action. However, EPA wil l
not make f i n a l remedial dec i s ions until a f t e r c o l l e c t i o n of all s i te s p e c i f i c da ta and c o m p l e t i o n of
the risk assessment.
S t e p 3 . I d e n t i f y T y p e s o f I n p u t N e e d e d
Two type s of input are needed to reach thi s dec i s ion: 1) the l o ca t i on of p r o p e r t i e s with lead
and/or arsenic l e v e l s in a range that might be of short-term hea l th concern, and 2) the b lood lead
l e v e l s and the hair or urine arsenic l ev e l s of i n d i v i d u a l s r e s i d i n g at those l o ca t i on s . The locat ion
of p rop er t i e s with elevated l ev e l s of lead and/or arsenic in soil w i l l be i d e n t i f i e d using the r e su l t s
of the Phase III r e s ident ia l yard soil inve s t iga t ion. Measurements of lead and arsenic in
b i o l o g i c a l t i s sues w i l l be obtained f r om this b i omoni t or ing p r o j e c t .
S t e p 4. D e f i n e the Bounds o f the S t u d y
All r e s id en t ia l p rop er t i e s located within the current boundaries of the V B I 7 0 s tudy area that have
e levated l e v e l s of lead and/or arsenic in yard soil are candida t e s for biomonitoring. S o i l l e v e l s
which indicate the need for b iomoni tor ing are summarized below.
Arsenic Levels that Warrant Biomonitoring
C a l c u l a t i o n s p e r f o rmed by USEPA ( 1 9 9 8 a ) suggest that arsenic l e v e l s in the range of 400 - 900
ppm in yard soil might pose a short-term h e a l t h risk to re s ident s . Based on th i s i n f o r m a t i o n ,
b iomoni tor ing during Phase III wi l l f o c u s on prop er t i e s where arsenic l ev e l s exceed 400 ppm.
Lead Levels that Warrant Biomonitoring
As discussed in the same document (USEPA 1998a), lead l e v e l s above 2,000 ppm in yard soil
might be of short-term hea l th concern to residents. On t h i s basis, a level of 2,000 ppm in soil is
i d e n t i f i e d as the level where biomonitoring of blood lead should occur during Phase III to
i d e n t i f y any cases of short-term concern.
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S t e p 5.
Arsenic

D e f i n e the Decision Rule

Arsenic is a normal component of the environment and is present at low l eve l s in water, f o o d and
soil. Because of this, arsenic is expected to be present in low l eve l s in the urine and the hair of
all individuals . Data are not extensive on the normal range of arsenic in hair and urine of
individual s with no special exposures, but data provided in ACGIH ( 1 9 9 1 ) and from National
Medical Services (Attachment 1) suggest the f o l l o w i n g values are l i k e l y to be representative of
unexposed individuals:

T i s s u e
H a i r
Urine ( t o t a l )
Urine (inorganic)

Normal Range
<1 u g / g

< 50 ug/L or < 50 u g / g creatinine
< 2 0 u g / L

Any individual with a hair measurement and urine measurements that fall within the normal
range will not be considered as a candidate for any short-term intervention. Any individual with
hair and/or arsenic l eve l s that exceed the upper end of the normal range will be considered as a
candidate for some sort of short-term intervention, with the nature of the intervention d e p e n d i n g
on the measured level s of arsenic in soil and or dust in the house and on the magnitude of the
elevation in the biomonitoring parameter. Repeat te s t ing of hah* and/or urine will always be
sought be fore any short-term actions or interventions are implemented.
Lead
The Centers for Disease Control and Prevention ( C D C ) has established recommended guidel ines
for the appropria t e response to elevated blood lead level s detected in an individual (the level s are
designed s p e c i f i c a l l y for children, but may conservatively be used to evaluate adult s as w e l l ) .
These gu ide l ine s are summarized below:
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Blood Lead ( u g / d L )
<10
10-14

15-19

20-44

>45

Recommended Response
No action; l e v e l s are not of concern
Provide i n f o r m a t i o n about ways to reduce lead
exposure. Re-test in one year.
Provide in format ion about ways to reduce lead
exposure. Re-test in one month.
Perform a full medical evaluation and
environmental management assessment.
Urgent medical f o l l o w - u p and environmental
management assessment is required.

a - Deve loped from the CDC g u i d e l i n e s (October 1991).
In accord with these guide l ine s , only locations where one or more indiv idual s has a blood lead
level exceeding 20 u g / d L will be considered as a candidate for a short-term intervention. N o t e
that short-term harm is not expected at a blood lead level of 20 u g / d L , but this value is
s u f f i c i e n t l y high that prompt action to i d e n t i f y sources and reduce exposures is warranted. At
locations where blood lead l eve l s are less than 20 u g / d L but higher than 10 u g / d L , USEPA will
provide the residents with informat ion on ways in which lead exposure may be reduced until a
final remedial decision is made.
S t e p 6. I d e n t i f y A c c e p t a b l e Limi t s on Decision Errors
Two type s of po t ent ia l decision error are associated with this p r o j e c t :

1: Intervening in a case where the risk of short term harm is ac tua l ly minimal.
2: F a i l i n g to intervene in a case where the risks of short term harm are s ign i f i can t .

There is l i t t l e or no disadvantage to making an error of the f i r s t type, except that this action might
cause undue alarm or concern in the residents. However, with proper counseling and f o l l o w - u p
monitoring, this is not considered to be a serious problem. In contrast, an error of the second
type is h ighly undesirable and low error rate must be sought. In this regard, there are two place s
where an error might occur:
1) Incorrectly classifying a property as being below the level where biomonitoring is

needed, when the true level is actually above this level. When evaluating the need to
recruit residents at a proper ty to par t i c ipa t e in the biomonitoring program, the estimate of
the concentration of arsenic in the yard will be based on the 95% UCL of the arithmetic
mean concentration. In the case of l ead, the decision will be based on the arithmetic
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mean. T h i s is because the level of health concern for lead is calculated in such a way that
at least 95% of all children exposed to that level will be protec t ed. These two approaches
ensure that e s s en t ia l ly all proper t i e s where either arsenic and/or lead are above the level
of potent ial short-term health concern will be i d e n t i f i e d for recruitment into the
biomonitoring program.

2) Not intervening in the case of an individual whose exposure levels are of short-term
health concern. W i t h regard to the decision to implement short-term intervention or not,
it is believed that each of the biomonitoring criteria e s tabli shed above are conservative
(i.e., a small exceedence of the criterion is associated with only minimal risk of short-
term health e f f e c t ) , so the probab i l i ty of not intervening in a case in which there is an
authentic and s igni f i cant risk of short term harm is considered to be minimal. As an
added precaution, any individual s who have biomonitoring results that approach but do
not exceed the l eve l s that are considered to be of short-term health concern will be
s trongly encouraged to provide one or more addi t ional sample s in order to characterize
the true level of exposure more prec i se ly.

S t e p 7. Optimize the Design
The basic design of this pro j e c t may be ref ined as information becomes available on the number
of proper t i e s that may warrant biomonitoring and on the arsenic and lead exposure l eve l s
observed in residents at those locations. Criteria for inclusion of a property in the biomonitoring
study may be either increased or decreased as these data are received.
3.0 FIELD SAMPLING PLAN
Based on the data quality ob j e c t ive s outlined above, the key components of the f i e l d sampl ing
p lan needed to col lect the necessary biomonitoring data are summarized below.
S t e p 1: I d e n t i f y propert i e s that have arsenic and or lead l eve l s high enough to warrant

biomonitoring.
S t e p 2: Contact residents at the selected proper t i e s and recruit their voluntary

par t i c ipa t i on in the biomonitoring program.
S t e p 3: C o l l e c t b iological samples (hair, urine and b l o o d ) from all volunteers who

part i c ipate in the program.
Step 4: Measure arsenic l eve l s in hair and urine and lead l eve l s in b l ood , using methods

that are s u f f i c i e n t l y sensitive and accurate to detect exceedences that are in a
range of short-term health concern.
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S t e p 5: Take appropr ia t e action to intervene in any case where exposure l eve l s exceed a

criterion for risk of short term harm.
S p e c i f i c tasks needed to p e r f o r m each of these basic s t eps and achieve the o b j e c t i v e s of the study
are presented below.
3.1 I d e n t i f i c a t i o n of P o t e n t i a l l y I m p a c t e d Residences
As stated previously, residences will be selected for biomonitoring based on the results f rom the
surfic ial yard soil portion of the Phase III f i e l d investigation. The criteria used to i d e n t i f y
residences where biomonitoring will be recruited are as f o l l o w s :

Chemical
Arsenic

Lead

Criteria for Yard S o i l Levels
95% UCL of mean > 400 ppm

Mean > 2000 ppm
ISSI will n o t i f y U S E P A within one week whenever a proper ty is i d e n t i f i e d that exceeds one or
both of these criteria.
3.2 Recruitment and I n f o r m e d Consent for Biological S a m p l i n g
As noted earlier, this biomonitoring program is s t r i c t ly voluntary. Residents l iving in propert i e s
where lead and/or arsenic level s are of potential short-term health concern will be contacted by
USEPA s t a f f in a personal visit. Each will be informed of the reasons they are being contacted
and provided a fact sheet that summarizes the basis for potential concern and explains the
b e n e f i t s of p a r t i c i p a t i n g in the biomonitoring program.
All individuals who give consent to par t i c ipa t e in the biomonitoring program will be given a
package (see Attachment 2) which contains the f o l l o w i n g :

• An informed consent form for each individual. T h i s f orm must be signed and
provided to the clinic be fore any samples will be co l l e c t ed . For children under
age 18, permission must be granted by their parent or guardian prior to sampling.

• A let t er summarizing the reason that biomonitoring is believed to be desirable,
instructions for where and how to provide the b io logical samples. T h i s includes a
map showing the location of the clinic, along with the phone number and a
schedule of regular clinic hours. In add i t i on , a fact sheet will be provided that
shows how to reduce the risk of exposure to arsenic and lead.
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A Data C o l l e c t i o n Log that will be used by the c l inic to track the number of
par t i c ipant s and the number of samples c o l l e c t ed during their visit.
A requisition form that will be used by the laboratory to document each sample
co l l e c t ed .
Questionnaires to be comple t ed by each part ic ipant

3.3 C o l l e c t i o n of Biolog i ca l S a m p l e s
3.3.1 Part i c ipant Interviews
Prior to sample co l l e c t ion, an interview/survey will be conducted for each p a r t i c i p a t i n g resident.
I n f o r m a t i o n provided during these interview/surveys will h e lp provide informat ion that may be
use fu l in subsequent risk calculations. T h i s survey form is included in Attachment 2.
3.3.2 S a m p l e C o l l e c t i o n M e t h o d s
All b io logical samples will be c o l l e c t ed in accord with the Standard Operating Procedures
(SOPs) s p e c i f i c to each type of media:

Blood co l l e c t ion (SOP # ISSI-VBI70-13)
Hair col lec t ion (SOP # ISSI-VBI70-14)
Urine co l l e c t i on (SOP # ISSI-VBI70-15)

Each of these SOPs is provided in Attachment 1.
At least one sample of the appropriate b iological media will be co l l e c t ed from each part i c ipant .
Duplicate samples will be co l l e c t ed from w i l l i n g part i c ipant s hi accord with the frequency
s p e c i f i e d in Sec t ion 4.0.
3.3.3 S a m p l e H a n d l i n g and C u s t o d y Requirements
S a m p l e s must be kept under strict chain-of-custody at all times. S a m p l e s will be locked and
stored under chain-of-custody at the clinic until they are forwarded to the analytical laboratory
for sample preparation and analysis. A sample is in an individual's custody if:

• It is in his/her pos se s s ion
• It is in hi s/her view, a f t e r being in their pos se s s ion

R:\Vasquez & I-70\Projec t Plans\Biomonitoring\revi sed S A P . w p d



V B I 7 0 Biomoni t or ing
S a m p l i n g a n d A n a l y s i s Plan

• It was in hi s /her posses s ion and he/ she either locked it or p lac ed it in a sealed
container to prevent tampering

• It is in a de s ignated secure area
Chain-o f- cu s t ody ( C O C ) forms will be prepared for every sample c o l l e c t ed immedia t e ly
f o l l o w i n g c o l l e c t i on of each sample. The A n a l y s i s Requisition form will serve as the COC form
for all samples. An example requisition form is provided in Figur e 1. Instruc t ions for
compl e t ing the form are provided in F i g u r e 2.
Any sample s in glas s containers will be packaged for shipment using bubble wrap or equivalent
packing materials. Containers carrying blood samples must be ch i l l ed using the blue ice packets
provided by the analytical laboratory. Hair and urine sample s will be transported using coolers,
but temperature preservation is not required.
All samples s h ipped to the laboratory will be contained in a p la s t i c cooler with packing material,
if necessary, to prevent excessive agitation of the contents. All coolers will be securely taped
c lo sed, sealed with a minimum of two signed custody seals and labe l ed with a completed air b i l l
prior to shipment.
3.3.4 Decontamination Procedures
Biological sampl ing equipment will not be re-used with one exception. T h e r e f o r e , t y p i c a l l y
decontamination is not required. However the scissors used for c l i p p i n g hair sample s will be
cleaned between samples using alcohol wipes. All personnel c o l l e c t ing b io logical samples will
wear a new pair of d i spo sab l e gloves for each sample c o l l e c t ed . Proper di sposal of all s ampl ing
equipment and materials is described in the appropriate S O P s (Attachment 1).
3.4 F i e l d Documentation

When an individual visits the clinic to provide a sample of hair, urine, and/or b lood, a requisition
form and Data C o l l e c t i o n Log must be completed to document the sample. Example s of the
requisition form, Figure 1. I n f o r m a t i o n contained in the requisition and the COC form includes
the f o l l o w i n g :

1. S a m p l e co l l e c t ion date and time
2. Name of the individual
3. Type(s) of sample (urine, blood or hair)
4. Chemical analyses requested on each sample (lead and/or arsenic)
5. S a m p l e numbers assigned to each sample

An example of the Data C o l l e c t i o n Log is provided in Figur e 3. I n f o r m a t i o n contained in the
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Data C o l l e c t i o n Log includes the f o l l o w i n g :

1. S a m p l e number
2. Date c o l l e c t ed
3. T i m e of co l l e c t ion for each medium (urine, blood or hair)
4. T e c h n i c i a n ' s in i t ia l s for each medium (urine, blood or hair)
5. Comments or notes of importance (if sample is a d u p l i c a t e , or any deviations to

S O P )
Copi e s of the requisition forms , COC forms, and the Data C o l l e c t i o n Logs will be sent to
U S E P A ' s contractor ( I S S I C o n s u l t i n g Group, Inc. [ I S S I ] ) a f t e r each d a y o f s ampl ing . T h e s e
copies will be stored in a three-ring binder book maintained by ISSI.
3.5 S a m p l e I d e n t i f i c a t i o n
Every biological and QC sample co l l e c t ed during this invest igation will be i d e n t i f i e d with a
unique sample i d e n t i f i c a t i o n number. S a m p l e i d e n t i f i c a t i o n labe l s are found on the A n a l y s i s
Requisition form. One label will be a f f i x e d to each bio logical sample container, so that the same
sample ID is used for all samples co l l e c t ed f rom a part i c ipant . Dupl i ca t e samples will be
i d e n t i f i e d by using an imaginary patient name to maintain anonymity at the analytical laboratory.
The actual patient name must be i d e n t i f i e d in the Comments f i e l d of the Data C o l l e c t i o n Log.
3.6 S a m p l e Preparat ion
Blood
Blood samples will be prepared prior to analysis according to the procedure described in
National Medical Services Method Number 6020 (Attachment 2).
Urine
Urine samples will be prepared prior to analysis according to the procedure described in National
medical Services Method Number 0468 (Attachment 2).
Hair
Hair samples will be prepared prior to analysis according to the f o l l o w i n g procedure.
Wash hands thoroughly with soap and water prior to handl ing hair sample. Put on a new pair of
d i s p o s a b l e latex gloves for each sample. Open sealed bag and remove vial cap. Remove h a l f of
the sample (about 0.2 g) and p lac e in a new 15 x 100 mm d i s p o s a b l e p l a s t i c petri dish. Wash
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with successive portions of 1.0% w/v sodium lauryl s u l f a t e (or ammonium lauryl s u l f a t e ) . After
30 minute contact with occasional ag i ta t i on , the hair will be rinsed six times with deionized
water and dried under laminar f l o w Cla s s 100 air.
3.7 A n a l y t i c a l Method Requirements
The analytical method and project-required de t ec t ion l imit s ( P Q L s ) for each type of b io logica l
media being co l l ec t ed are provided in the table s below. Analyt i ca l method numbers refer to the
numbering system used by Nat i ona l Medical Services, the analytical laboratory that wi l l be used
for this study.

A n a l y t i c a l M e t h o d s
A n a l y t e

Arsenic (inorganic)
Arsenic ( t o t a l )
Lead ( t o t a l )

Biological S a m p l e M e d i a
H a i r

—
G F A S S "

—

Method
No.

—
0460

—

Urine

F I A S "
—
—

Method
No.

0468
—
~

Blood

—
~

G F A S S a

Method
No.
~
~

6020
•- G r a p h i t e Furnace Atomic A b s o r p t i o n S p e c t r o s c o p yb - F l o w I n j e c t i o n A t o m i c S p e c t r o s c o p y

Project-Required Detection L i m i t s
A n a l y t e

Arsenic (inorganic)
Arsenic ( t o t a l )
Lead

Biologi ca l S a m p l e T y p e
H a i r
~

1 u g / g
-

Urine
l O u g / L

10 ug/L or 10 ug As/g creatinine
—

Blood
—
—

1 u g / d L

These methods are s u f f i c i e n t l y accurate and s u f f i c i e n t l y sensitive that any individual with
exposure to lead or arsenic that is in a range of potential short-term health concern will be
i d e n t i f i e d with high confidence.
4 . 0 Q U A L I T Y A S S U R A N C E P R O J E C T P L A N
The comple t e Quali ty Assurance Projec t Plan (QAPP) for the VBI70 Phase III F i e l d
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I n v e s t i g a t i o n has been prepared in accordance with USEPA guidance documents. Qual i ty
assurance s t eps per ta ining s p e c i f i c a l l y to the biomonitoring program of Phase III are provided
below.
4.1 F i e l d Q u a l i t y Control S a m p l e s
A number of quality control sample s will be c o l l e c t ed during this pro j e c t to h e l p assess the
precision and accuracy of the data co l l e c t ed . These sample s are described below.
Field Duplicate: Field d u p l i c a t e sample s are c o l l e c t ed at the same time as the primary sample,
and are submitted blind to the analytical laboratory to test both the precision of the analysis and
the precision of sample co l l e c t ion. A minimum of 3 f i e l d d u p l i c a t e s will be c o l l e c t ed from
par t i c i pa t ing adult s . If the number of par t i c ipant s exceeds 50, f i e l d d u p l i c a t e samples wi l l be
co l l e c t ed at a frequency of 5% of all sample s co l l e c t ed (1 f i e l d d u p l i c a t e per 20 inves t igation
sample s co l l e c t ed).
F i e l d dup l i ca t e s are d e f i n e d as the f o l l o w i n g :

Blood: A second vial of blood drawn from the same individual
Hair: A second sample of hair co l l e c t ed f rom the same individual
Urine: A second sample of urine provided by the same individual immediate ly

a f t e r c o l l e c t i on of the f i r s t sample
Acceptance criteria for f i e l d d u p l i c a t e s i s described in Sec t i on 4.8.1 of the Phase III Field
Inves t iga t i on Project Plan.
Blind Standard: The accuracy of an analytical method is evaluated by analyzing a sample
medium f o r t i f i e d with a known concentration of target analytes that has been c e r t i f i e d using the
preparation and analysis method for that particular sample medium. The requirements for
insertion of blind standards into the sample stream for each medium are presented below.
Blood
Blind standards for blood will be obtained from the University of Cincinnati. Two concentration
l eve l s will be used during this study, approx imate ly 3 u g / d L and 15 u g / d L . A minimum of 3
blind standards (at each l e v e l ) will be submitted to the analytical laboratory in a bl ind fashion. If
the total number of blood samples exceeds 50, addi t ional blind blood standards will be submitted
to the analytical laboratory at a rate of about 5% (1 blind standard per 20 investigative sample s).
Result s wi l l be considered acceptable if the results for blind standards fall within the acceptance
criteria established by the c e r t i f y i n g laboratory approx imat e ly 95% of the time.
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Urine

A minimum of 3 blind s tandards (at each of two l e v e l s ) will be submitted to the analytical
laboratory in a bl ind fashion. If the total number of urine sample s exceeds 50, add i t i ona l bl ind
urine standards will be submitted at a rate of about 5% (1 blind standard per 20 invest igative
samples). Results will be considered acceptable if the results for bl ind standards fall within the
acceptance criteria e s tabl i shed by the c e r t i f y i n g laboratory a p p r o x i m a t e l y 95% of the time.

Hair
A source to obtain blind standards was not located. T h e r e f o r e , analytical accuracy for hair
analysis will be assessed by reviewing matrix spike analyses per formed by the laboratory.
4.2 Detection and Ouanti tat ion Limi t s
The Method Detection Limit (MDL) is d e f i n e d as the concentration of a substance that can be
recognized as being greater than zero with 99% confidence. T y p i c a l l y , the MDL is d e f i n e d as 3-
times the standard deviation of seven rep l i ca t e analyses of a site sample containing a low but
detec tab l e level of the analyte. The Practical Quantitation Limit (PQL) is general ly d e f i n e d as
10-times the standard deviation determined from the MDL study (or o f t e n described as 3 times
the MDL). A MDL study must be performed for each method ut i l ized in the study in accord with
guidance outlined in the 40 CFR Part 136, A p p e n d i x B. Results that are below the PQL, but
above the MDL will be q u a l i f i e d with a 'B' f l a g and reported as estimated results.
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FIGURE 2:
I N S T R U C T I O N S F O R C O M P L E T I N G

C L I N I C A L A N A L Y S I S R E Q U I S I T I O N FORM
NMS A n a l y s i s Requisition are mul t i - copy per f ora t ed forms that in c lude unique specimen
i d e n t i f i c a t i o n Control Number lab e l s (see Attachment 2 for example). When c o m p l e t i n g this
form, p l ea s e press f i r m l y to ensure informat ion is transferred to each page.
The A n a l y s i s Requisition Form, as shown in Figure 1, has been divided into numbered sections
from 1 to 12, s p e c i f i c a l l y for instructional purposes. Not all sections are required for this study.
Fill each section out as f o l l o w s :
1. Name - Print p a r t i c i p a n t ' s name clearly, last name f i r s t
2. Soc ia l Security Number
3. Age
4. Sex
5. Forens i c - Leave blank
6. Stat - Leave blank
7. Return Spec imen - Leave blank
8. S p e c i m e n t y p e - All requisition forms should have checkmarks in the boxes for b l o o d , urine,

and hair samples when sample s have been co l l e c t ed
9. S p e c i m e n C o l l e c t i o n - The f o l l o w i n g information is requested:

• Date of specimen co l l e c t i on
• Time (in mili tary time) of specimen co l l e c t i on
For urine samples:
• Box marked "Random" should be checked, and "Timed S a m p l e " l e f t unchecked
• Elapsed time - s h o u l d n ' t be any
• Volume - estimated urine sample volume, in ml

10. A d d i t i o n a l information - Indi ca t e any pertinent information or observations regarding the
p a r t i c i p a n t ' s history

11. Indi ca t e the requested analytical method number in the space provided (as indicated in the
e xampl e) by marking an "X" in the f o l l o w i n g boxes:
• 0460 - Arsenic Hair ( t o t a l )
• 0468 - Arsenic Urine (inorganic)
• 6020 - Lead in Blood

lemove the pressure sensitive Control Number labe l s from the top copy of the A n a l y s i s
lequisi t ion and securely a p p l y one label to each specimen submitted per requis i t ion,
lemove the last copy of the Analy s i s Requisition and p lace in the F i e l d Notebook behind the
Data C o l l e c t i o n Log. _______________________ __
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F i g u r e 3
Data C o l l e c t i o n Log

S a m p l e N u m b e r Date
C o l l e c t e d

H a i r
T i m e I n i t i a l s

Blood
T i m e I n i t i a l s

Urine
T i m e I n i t i a l s Comments

L o g b o o k Page Reviewed By:. Date:
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A T T A C H M E N T 1
SOPs f or C O L L E C T I O N OF B I O L O G I C A L SAMPLES

SOP Title
1. Blood Lead S a m p l i n g (SOP # V B I 7 0 - 1 3 )
2. Compos i t e Hair S a m p l i n g for the Determination of Risk-Based Exposure to T o t a l Arsenic

( S O P # V B I 7 0 - 1 4 )
3. Urine S a m p l i n g for the Determination of Risk-Based Exposure to Arsenic

( S O P # V B I 7 0 - 1 5 )
4. Preparation and Analy s i s Methods for Lead in Blood, T o t a l Arsenic in H a i r , and Inorganic

Arsenic in Urine
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Blood Lead S a m p l i n g
( S O P # V B I 7 0 - 1 3 )
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
BLOOD L E A D S A M P L I N G

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a s tandardized method for
c o l l e c t i n g blood for subsequent determination of exposure to lead. Blood sampl e s f rom s u b j e c t s
recruited into the s tudy will be co l l e c t ed at a neighborhood clinic by s tudy personnel. Trained
p h l e b o t o m i s t s will co l l e c t these sample s using venipuncture c o l l e c t i on techniques. All personnel
involved with the blood co l l e c t i on will be trained in this procedure. T h i s SOP describes the
equipment and operations used for c o l l e c t i n g b l ood , using a procedure that w i l l produce data that
can be used to support risk evaluations. S i t e - s p e c i f i c deviations from the procedures out l ined in
this document must be approved by the USEPA Region 8 Remedial Proj e c t Manager, or
Regional T o x i c o l o g i s t prior to ini t iat ion of the sampl ing activity.
2.0 RESPONSIBILITIES
The contractor who is r e spons ib l e for overseeing the biomonitoring activit ies (ISSI) will be
re spons ib l e for checking all work per f ormed and v e r i f y i n g that the work s a t i s f i e s the s p e c i f i c
tasks ou t l ined by this SOP and the Proj e c t Plan. It is also the r e s p o n s i b i l i t y of the contractor to
communicate the need for any deviations f rom this SOP with the appropr ia t e USEPA Region 8
personnel (Remedial Proj e c t Manager, or Regional T o x i c o l o g i s t ) . It is the r e s p o n s i b i l i t y of the
subcontractor c o l l e c t i n g the sample (Concentra) to communicate with all personnel regarding
s p e c i f i c c o l l e c t i on ob j e c t iv e s and to communicate with ISSI regarding any ant ic ipated s i tuations
that require deviation f r om this SOP.
All personnel p e r f o r m i n g b io logica l s a m p l i n g are re spons ib l e for adhering to the a p p l i c a b l e tasks
outl ined in this procedure while c o l l e c t i n g samples.
3.0 E Q U I P M E N T

• C o l l e c t i o n containers - c e r t i f i e d l ead- fr e e Vacutainer tubes preserved with EDTA
• Vacutainer winged c o l l e c t i o n set ( b u t t e r f l y )
• Gloves - Disposab l e , latex , powderle s s .
• Tube ho ld er
• S y r i n g e
• A l c o h o l pad s
• Gauze sponges (2 x 2s)
• Band-aids
• Tourniquet
• A n a l y s i s Requis i t ion f orms - will be provided by ISSI
• Consent form - will be provided by ISSI
• F i e l d notebook - a three-ring binder book that will store necessary forms used to

record and track sample s c o l l e c t e d as part of the V B I 7 0 biomonitoring program.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
BLOOD L E A D S A M P L I N G

Binders wi l l contain sample requisi t ion forms and Data C o l l e c t i o n Logshe e t s and
A n a l y s i s Requisi t ion forms.

4.0 M E T H O D S U M M A R Y
Every e f f o r t must be made to avoid lead contamination. The skin will be thoroughly cleansed
prior to sample co l l e c t ion. Caps will never be removed f rom Vacutainer tubes prior to, or during
sampling. S a m p l e s will be clearly marked with the patient's name, date of co l l ec t ion, and
pat i ent ' s social security number.
5.0 C O L L E C T I O N OF BLOOD S A M P L E S
5.1 V e n i p u n c t u r e
A new pair of d i s p o s a b l e gloves are to be worn for each new pat ient .
Venipuncture sample s wil l be drawn using a 23 gauge b u t t e r f l y apparatus attached to a tube
holder or a syringe. Prior to c o l l e c t i on , all necessary s u p p l i e s and equipment should be laid out
on a clean tray. Wash hands well with soap and water, and then put on a new pah* of gloves.
Locate the puncture site, and a p p l y a new alcohol wipe to the site. H o l d the puncture site by
pinching either end of the alcohol wipe so that only the alcohol wipe is touching the patient's
skin. W i p e the area in a circular motion beginning with a narrow radius and moving outward so
as not to cross over the area that has already been cleaned. Repeat this action with a new alcohol
wipe to remove any lead par t i c l e s adhering to the skin.
Locate the vein and a p p l y the tourniquet. Fix the vein by pre s s ing down on the vein about 1 inch
below the proposed point of entry, and p u l l the skin taut. Approach the vein f rom the same
direc t ion the vein is running, h o l d i n g the s t er i l ized need l e at a 15-degree angle with the patient's
arm. Push the needle, bevel side f a c i n g up, quickly and d e l i b e r a t e l y into the vein. If the needle
is in the vein, blood wil l f l o w f r e e l y through the b u t t e r f l y tubing and into the tube. If no blood
enters the tube, probe for the vein c a r e f u l l y (avoid hematoma f o r m a t i o n ) until entry is indica t ed
by blood f l o w i n g into the tube. Fill the Vacutainer tube with at least 1.5 - 2cc of b lood. When
s a m p l i n g is comple t e , remove the tourniquet and then extract the needle f rom the vein. W i t h the
arm elevated, a l low the patient to hold a clean gauze sponge onto the puncture wound, until the
wound has c l o t t ed . Secure with a band-aid.
If the patient is less than 1 year old or is very smal l , a syringe attached to the b u t t e r f l y tubing
should be used instead of the Vacutainer tube. T h i s will avoid c o l l a p s i n g the veins of very small
children. Once the needle is in the vein and blood can be seen in the b u t t e r f l y tubing, aspirate the
syringe. G e n t l y fill the syringe c o l l e c t i n g a p p r o x i m a t e l y 2 ml of b lood. Remove the tourniquet
during this process and then extract the need l e f r om the vein. A l l o w the pat ient or a parent to
hold a clean gauze sponge onto the puncture wound. Fill the Vacutainer tube by puncturing the
top and gently releasing blood into the tube.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
BLOOD L E A D S A M P L I N G

A f t e r c o l l e c t i on , immed ia t e ly invert the Vacutainer tube, and g en t ly repeat this process several
times to mix the sample with the EDTA preservative. Remove d i s p o s a b l e gloves and d i spo s e of
these and all other blood c o l l e c t i o n equipment in an a p p r o p r i a t e container de s ignated for sharps
or b i o l og i ca l waste. Wash hands.
6 . 0 S A M P L E C O N T A I N E R S A N D L A B E L I N G
F o l l o w i n g the procedures outl ined in S e c t i o n 5.0, sample s wi l l be c o l l e c t ed d i r e c t l y into sample
containers (Vacutainer tubes) and labeled with a unique sample i d e n t i f i c a t i o n number. Each
sample must have an i d e n t i f i c a t i o n number a f f i x e d to the c o l l e c t i on tube, and also attached to
the A n a l y s i s Requisition form.
7.0 SITE C L E A N - U P
Dispose of needle s in a container de s ignat ed for sharps. Blood saturated material s must be
di spo s ed of in a container des ignated for b i o l og i ca l waste.
8 . 0 F I E L D Q U A L I T Y A S S U R A N C E / Q U A L I T Y C O N T R O L
Adherence to qual i ty assurance/quality control ( Q A / Q C ) procedures is an important part of f i e l d
sample co l l ec t ion. F i e l d Q A / Q C procedures include documentation requirements and
preparation of f i e l d QC sample s .
8.1 F i e l d Q u a l i t y Control S a m p l e s
The f o l l o w i n g qua l i ty control sample s will be c o l l e c t ed during this p r o j e c t to h e l p assess the
precision and accuracy of the data c o l l e c t e d .
F i e l d D u p l i c a t e : F i e l d d u p l i c a t e sample s are c o l l e c t e d at the same time as the primary sample,
and are submitted b l ind to the analytical laboratory to test both the preci s ion of the analysis and
the precision of sample col lec t ion. In this case, the f i e l d d u p l i c a t e sample is a second sample of
blood drawn f rom the same ind iv idua l , by f i t t i n g a second tube onto the b u t t e r f l y or syringe
immedia t e ly a f t e r f i l l i n g the f i r s t tube. A minimum of 3 f i e l d d u p l i c a t e s wil l be c o l l e c t ed f r om
p a r t i c i p a t i n g adul t s . If the number of sampl e s exceeds 50, f i e l d d u p l i c a t e samples will be
c o l l e c t ed at a frequency of 5% of all sample s c o l l e c t e d (1 f i e l d d u p l i c a t e per 20 inves t igat ion
sample s c o l l e c t ed) . Field d u p l i c a t e sample s are submitted in a blind fa sh ion to the analytical
laboratory. In order to maintain anonymity, f i e l d d u p l i c a t e s wi l l be labe l ed with 'dummy'
patient names and inserted into the sample stream. A l i s t of 'dummy' patient names is provided
in Attachment 2. Direction for the s e l e c t ion and submission of f i e l d d u p l i c a t e s will be the
r e s p o n s i b i l i t y o f I S S I .
Blind S t a n d a r d : The accuracy of an analytical method is evaluated by analyzing a sample
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
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medium f o r t i f i e d with a known concentration of target analytes that has been c e r t i f i e d using the
preparation and analysis method for that part i cu lar sample medium. Blind s tandards wi l l be
inserted into the sample stream using 'dummy' patient names to maintain the anonymity of the
sample. A minimum of 3 blind s tandards at 2 lead concentrations will be inserted into the
sample stream b y I S S I .
8.2 F i e l d documenta t i on
A f i e l d notebook should be maintained by the personnel c o l l e c t i n g blood samples. The f i e l d
notebook is a three-ring binder that contains a Data C o l l e c t i o n Log and the A n a l y s i s Requisition
form for each patient. All entries in the f i e l d logbook must be signed and dated by the person
recording the information.
The f o l l o w i n g informat ion will be inc luded on the Data C o l l e c t i o n Log;

• date of c o l l e c t i o n
• tune of c o l l e c t i on
• name of sampl ing technician
• patient name
• sample i d e n t i f i c a t i o n number
• de s cr ip t ions of any deviations to this SOP and the reason for the deviation

An example of the A n a l y s i s Requisit ion form and the Data C o l l e c t i o n Log is provided in
Attachment 1.
9.0 DECONTAMINATION
Biologi ca l s ampl ing equipment will not be re-used. All s a m p l i n g equipment must be d i spo s ed in
appropr ia t e containers des ignated for b i o l og i ca l waste.
10.0 G L O S S A R Y
P r o j e c t Plan - The written document that s p e l l s out the de ta i l ed s i t e - s p e c i f i c procedures to be
f o l l o w e d by the Projec t Leader and the C l i n i c Personnel.
11.0 R E F E R E N C E S
Bornschein, 1989. 1989 M i d v a l e Community Blood Lead S t u d y Protocol s .
MDPH (Massachuset t s Department of Publ i c H e a l t h ) . Procedure for obtaining f i n g e r stick blood
samples. Jamaica Plain (MA): M D P H , C h i l d h o o d Lead Poi soning Program, 1990.
MHD (Milwaukee H e a l t h Department). General ized procedure f i n g e r stick blood (hematocrit
and/or lead tes t). Milwaukee: MHD, 1988.
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Data C o l l e c t i o n Log
S a m p l e N u m b e Date

C o l l e c t e d
H a i r

T i m e I n i t i a l s
Blood

T i m e I n i t i a l s
U r i n e

T i m e I n i t i a l s Comments
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Patient Names to be Used for Blind Q u a l i t y Control S a m p l e s
N a m e
K y l e Ander s on
H a r o l d Brame
Rajeev C h a u l a
P o l l y Davis
C r a i g Ens l ey
A l e s s a n d r o F o r t i nA b e l G l a r d o n
F l o y d H a r r i s o n
Robert H e n d r i c k s o n
Andrew Iverson
Diana I s h a mSarah J e n n i g a n
Raymond J o n e s
F r a n k K n o t t s
J a m e s K u t s k o
Lonni e L a b r i o l a
Brian Lucero
K r i s t i n e M o l i n a r i
A n i t a M a r s h a l l
A l b e r t Mus s e r
A m y N o e l
Etsuko N i s h i m u r a
Andrew Ochoa
Carol OttmerBeulah Peek
A r d i t h Pritchard
Roy Q u i n l a n
A g u s t i n Quintero
A c e R a t c l i f f
Aaron Rbybal
Arturo S i g a l aK a r l S t e i n b e c kA n i t a Sanchez
K u r t S w i n g l e
Lao T i z e r
Carrie T r u p i a n o
Murray U n e l l
C h r i s U t z
Benlto V a l d e z
A l v i n V o i g h t
Barbara W a l d i n g e r
Peter W o l f e
Chong Y a n gRobert YorkByron J o h n s o n
H e i d i H a m
T i m Curran
Rebecca U t r u p

S o c i a l S e c u r i t y #
527-55-3942
304-77-9165
636-73-6452
746-01-4495
430-67-2533
271-85-9411
401-77-1802
629-54-4980
520-11-9257
410-56-3309
461-98-0835
529-57-0640
528-62-8117
825-24-1955
539-30-9609
674-78-0370
665-07-7231
455-14-8527
347-53-7037
936-83-5385
495-90-0510
662-88-3825
652-97-6791
520-92-0424
261-14-4322
566-59-2501
510-50-6497
427-74-0676
512-26-3959
450-42-3918
603-31-3864
548-30-5794
599-10-4556
416-61-3547
334-30-4184
605-63-4911
655-91-6413
524-52-0927
520-97-3678
527-21-9696
608-93-5468
568-62-2315
520-70-1753
783-14-9328
680-79-8106
500-83-3425
512-94-9847
352-07-7360

B l i n d P a t i e n t s . x l s :
1 / 6 / 0 0
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C

1.0 PURPOSE
The purpose of this standard operat ing procedure (SOP) is to provide a s tandardized method to
be implemented by employee s of EPA Region VIII or contractors and subcontractors s u p p o r t i n g
Region VIII p r o j e c t s and tasks. T h i s SOP describes the equipment and operations used to
sample hair. The procedure out l ines the method for compos i t e hair s a m p l i n g that wil l u l t i m a t e l y
be used for risk-based determination of arsenic concentrations. S i t e - s p e c i f i c deviations f rom the
procedures presented in this document must be approved by the Proj e c t Manager or Regional
T o x i c o l o g i s t prior to ini t ia t ion of the s a m p l i n g activity.
2.0 RESPONSIBILITIES
The contractor who is r e spons ib l e for overseeing the biomonitoring act ivi t ie s (ISSI) will be
r e spons ib l e for checking all work per formed and v e r i f y i n g that the work s a t i s f i e s the s p e c i f i c
tasks outlined by this SOP and the Pro j e c t Plan. It is also the r e s p o n s i b i l i t y of the contractor to
communicate the need for any deviations f r om this SOP with the appropr ia t e U S E P A Region 8
personnel (Remedial Projec t Manager, or Regional T o x i c o l o g i s t ) . It is the r e s p o n s i b i l i t y of the
subcontractor c o l l e c t i n g the sample (Concentra) to communicate with all personnel regarding
s p e c i f i c c o l l e c t i on ob j e c t iv e s and to communicate with ISSI regarding any ant ic ipated s i tuations
that require deviation from this SOP.
All personnel p e r f o r m i n g b io l og i ca l s a m p l i n g are r e spons ib l e for adhering to the a p p l i c a b l e tasks
outl ined in this procedure while c o l l e c t i n g samples.
3.0 E Q U I P M E N T

• alcohol wipes
• d i s p o s a b l e latex gloves
• s ta in l e s s steel scissors
• small p l a s t i c s a m p l i n g vial (for short hair)
• large p l a s t i c s a m p l i n g vial (for long hair)
• scalable p l a s t i c bags
• permanent marker or ink pen
• trash bag
• tape measure or ruler
• A n a l y s i s Requisition forms - will be provided by ISSI
• Consent forms - will be provided by ISSI
• F i e l d N o t e b o o k - three-ring binder book used to store necessary forms that record

and track sample s c o l l e c t ed as part of the V B I 7 0 biomonitoring program. Binders
will contain Data C o l l e c t i o n Logshee t s , and A n a l y s i s Requisition forms
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C -

4.0 C O L L E C T I O N OF HAIR SAMPLES
H a i r is co l l e c t ed by cutt ing a small por t ion at the nape of the neck, using the procedure out l ined
below.
4.1 For hair s a m p l e s less than two inches:
Wash hands thoroughly with soap and water prior to taking a hair sample. Put on a new pair of
d i s p o s a b l e gloves. Clean the scissors b lades with a new alcohol wipe and a l l ow to air dry.
T i g h t l y twist a 1A inch diameter ( a p p r o x i m a t e l y as thick as a pencil or about 0.5 g) bundle of hair
f rom the nape of the neck. C a r e f u l l y snip the hair as close to the s ca lp as po s s i b l e . Use a tape
measure or pocket ruler to measure the l eng th of hair cut. Remove the cap from the small p l a s t i c
s a m p l i n g vial, and fill with l o o s e l y packed hair. Replace the cap and p lace the vial in the p l a s t i c
bag. Affix a sample i d e n t i f i c a t i o n number to the out s ide of the vial, and to the A n a l y s i s
Requisition form. Seal the bag and label the measured hair l eng th with a permanent marker or
ink pen. ( S a m p l e s do not need to be r e f r i g e r a t e d . ) Use a new alcohol wipe to clean the scissor
blades . After the scissors have been cleaned, d i spo s e of the alcohol wipes and the d i s p o s a b l e
gloves.
L i m i t e d S a m p l e : A minimum of 0.5g must be obtained for analysis. If the hair is too short and a

0.5g sample cannot be obtained in one bundle, several smaller bundles can be
co l l e c t ed as described above, and placed into a s ing l e sample container.

4.2 For hair s a m p l e s l onger than two inches:
Wash hands thoroughly with soap and water prior to taking hair sample. Put on a new pair of
d i s po sab l e gloves. Clean the scissor b lade s with a new alcohol wipe. T i g h t l y twist a 1A inch
diameter ( a p p r o x i m a t e l y as thick as a pencil or about 0.5 g) bundle of hair from the nape of the
neck. C a r e f u l l y snip the hair as close to the s ca lp as po s s i b l e . Use a tape measure or pocket ruler
to measure the l ength of hair cut. Remove the cap f rom the large p l a s t i c s a m p l i n g vial, and fill
with l o o s e l y packed hair. Replace the cap and p l a c e the vial in the p l a s t i c bag. Affix a sample
i d e n t i f i c a t i o n number to the outside of the vial, and to the A n a l y s i s Requisition form. Seal the
bag and label the measured hair l ength with a permanent marker or ink pen. ( S a m p l e s do not
need to be r e f r i g e r a t e d . ) Use another new alcohol wipe to clean the scissor blades. A f t e r the
scissors have been cleaned, d i s p o s e of the alcohol wipes and the d i s p o s a b l e gloves in an
appropr ia t e container.
5 . 0 S A M P L E C O N T A I N E R S A N D L A B E L I N G
F o l l o w i n g the procedures outl ined in S e c t i o n 4.0, sample s will be c o l l e c t ed d i r e c t l y into sample
containers and labe l ed with a unique sampl e i d e n t i f i c a t i o n number. Each sample must have a
sample i d e n t i f i c a t i o n number a f f i x e d to the c o l l e c t i o n container, and also attached to the
A n a l y s i s Requisition form.

»
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C "

6 . 0 S I T E C L E A N - U P
Dispose of all sampl ing equipment (used g love s , wipe s) in a trash bag.
7 . 0 F I E L D Q U A L I T Y A S S U R A N C E / Q U A L I T Y C O N T R O L
Adherence to qual i ty assurance/quali ty control ( Q A / Q C ) procedures is an important part of f i e l d
sample co l l e c t ion. Field Q A / Q C procedures include documentation requirements and
preparation of f i e l d QC samples.
7.1 F i e l d Qual i ty Control S a m p l e s
The f o l l o w i n g quali ty control sample s will be c o l l e c t ed during this p r o j e c t to h e lp assess the
precision and accuracy of the data c o l l e c t ed . All qual i ty control sampl e s wi l l be inserted into the
sample stream b y I S S I .
Field Dupl i ca t e : Field d u p l i c a t e sample s are c o l l e c t ed at the same time as the primary sample ,
and are submitted blind to the analytical laboratory to test both the preci s ion of the analysis and
the precision of sample co l l e c t ion. In this case, the f i e l d d u p l i c a t e sample is a second sample of
hair co l l e c t ed f rom the same ind iv idua l . A minimum of 3 f i e l d d u p l i c a t e s wi l l be c o l l e c t ed from
adul t par t i c ipant s . If the number of samples exceeds 50, f i e l d d u p l i c a t e sampl e s wi l l be c o l l e c t ed
at a frequency of 5% of all sample s c o l l e c t ed (1 f i e l d d u p l i c a t e per 20 inve s t igat ion sample s
c o l l e c t e d ) . Field d u p l i c a t e samples are submitted in a bl ind fa sh ion to the analyt ical laboratory.
In order to maintain anonymity, f i e l d d u p l i c a t e s will be labe l ed with 'dummy' pat ient names and
inserted into the sample stream. A li s t of 'dummy' pat ient names is provided in Attachment 2.
Direction for the se lec t ion and submission of f i e l d d u p l i c a t e s wil l be the r e s p o n s i b i l i t y of ISSI.
Blind Standard: The accuracy of an analyt ical method is evaluated by analyzing a sample
medium f o r t i f i e d with a known concentration of target analytes that has been c e r t i f i e d using the
preparation and analysis method for that part i cu lar sample medium. Blind s tandards wi l l be
inserted into the sample stream using 'dummy' patient names to maintain the anonymity of the
sample. A minimum of 3 b l ind standards at 2 arsenic concentrations will be inserted into the
sample stream b y I S S I .
7.2 F i e l d documentat ion
A f i e l d notebook should be maintained by the personnel c o l l e c t i n g hair samples. The f i e l d
notebook is a three-ring binder that contains a Data C o l l e c t i o n Log and the Analy s i s Requisition
form for each patient. All entries in the f i e l d l ogbook must be signed and dated by the person
recording the information.

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures S Q p N o . 1SS,.VB,70.,4ISSI C o n s u l t i n g G r o u p , Inc. — — — — — —
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C -

The f o l l o w i n g information will be inc luded on the Data C o l l e c t i o n Log:
• date of c o l l e c t i o n
• time of c o l l e c t i o n
• name of sampl ing technician
• patient name
• patient's social security number
• de s cr ip t i ons of any deviat ions to thi s SOP and the reason for the deviation
An example of the Analy s i s Requisition form and the Data C o l l e c t i o n Log is provided in
Attachment 1.
8.0 DECONTAMINATION
S t a i n l e s s steel scissors will be decontaminated using alcohol wipes, as described in S e c t i o n 4.1
and 4.2. All other sampl ing equipment is not reusable and must be d i spo s ed in an appropr ia t e
container(s).
9.0 G L O S S A R Y

Project Plan - The written document that s p e l l s out the detailed s i t e- spec i f i c procedures to be
f o l l o w e d by the Proj e c t Leader and the c l inic personnel.

10.0 R E F E R E N C E S
Paschal, D.C., E.S. DiPietro, D.L. P h i l l i p s and E.W. Gunter. 1989. Age Dependence of M e t a l s
in H a i r in a S e l e c t e d U.S. Popula t i on . Environmental Research. 48:17-28.
USEPA. 1978. Human S c a l p Hair: An Environmental Exposure I n d e x f o r Trace Elements. II.
Seventeen Trace Elements in Four New Jer s ey Communities (1972). EPA 600/ l-78-37b
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C

A T T A C H M E N T 1
Analys i s Requisition form (example)

Biologica l S a m p l e Logbook sheet
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Data C o l l e c t i o n Log

S a m p l e N u m b e Date
C o l l e c t e d

H a i r
T i m e I n i t i a l s

Blood
T i m e I n i t i a l s

U r i n e
T i m e I n i t i a l s Comment s

L o g b o o k Page Reviewed By: Date:



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
H A I R S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C

A T T A C H M E N T 2
Patient names to be used for b l ind qual i ty control sample s
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Pati en t N a m e s t o b e Used for B l i n d Q u a l i t y Contro l S a m p l e s
N a m e
K y l e A n d e r s o n
Harold Brame
Rajeev C h a u l a
P o l l y Davis
Cra ig E n s l e yA l e s s a n d r o F o r t i n
Abel G l a r d o n
F l o y d H a r r i s o nRobert H e n d r i c k s o n
Andrew IversonDiana I s h a mSarah J e n n i g a n
Raymond J o n e sF r a n k K n o t t s
J a m e s K u t s k o
Lonnie L a b r i o l a
Brian Lucero
K r i s t i n e M o l i n a r i
A n i t a M a r s h a l l
A l b e r t Musser
A m y N o e l
Etsuko N i s h i m u r a
Andrew OchoaCarol Ottmer
Beulah Peek
A r d i t h Pritchard
Roy Q u i n l a n
A g u s t i n Quintero
A c e R a t c l i f f
Aaron Roybal
Arturo S i g a l a
K a r l S t e i n b e c kA n i t a Sanchez
K u r t S w i n g l e
Lao T i z e rCarrie T r u p i a n o
Murray U n e l lChri s UtzBenito V a l d e z
A l v i n V o i g h t
Barbara W a l d i n g e r
Peter W o l f e
C h o n g Y a n g
Robert YorkByron J o h n s o n
H e i d i H a m
T i m Curran
Rebecca U t r u p

S o c i a l S e c u r i t y #
527-55-3942
304-77-9165
636-73-6452
746-01-4495
430-67-2533
271-85-9411
401-77-1802
629-54-4980
520-11-9257
410-56-3309
461-98-0835
529-57-0640
528-62-8117
825-24-1955
539-30-9609
674-78-0370
665-07-7231
455-14-8527
347-53-7037
936-83-5385
495-90-0510
662-88-3825
652-97-6791
520-92-0424
261-14-4322
566-59-2501
510-50-6497
427-74-0676
512-26-3959
450-42-3918
603-31-3864
548-30-5794
599-10-4556
416-61-3547
334-30-4184
605-63-4911
655-91-6413
524-52-0927
520-97-3678
527-21-9696
608-93-5468
568-62-2315
520-70-1753
783-14-9328
680-79-8106
500-83-3425
512-94-9847
352-07-7360

B l i n d P a t i e n t s . x l s :
1 / 6 / 0 0
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
U R I N E S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C

1.0 P U R P O S E
The purpose of this Standard Operat ing Procedure (SOP) is to provide a standardized method for
c o l l e c t i n g urine for subsequent determination of exposure to arsenic by residents. Urine sample s
f rom p a r t i c i p a t i n g residents wil l be c o l l e c t e d at a neighborhood clinic by study personnel, using
the procedures described in this Standard Operating Procedure (SOP). All personnel involved
with urine c o l l e c t i on will be trained in this procedure prior to any sample c o l l e c t i on . T h i s SOP
describes the equipment and operations used for c o l l e c t i n g urine, using a procedure that wi l l
produce data that can be used to support risk evaluations. S i t e - s p e c i f i c deviat ions f rom the
procedures out l ined in this document must be approved by the U S E P A Region 8 Remedial
Project Manager, or Regional Toxi co l og i s t prior to initiation of the sampl ing activity.
2.0 RESPONSIBILITIES
The contractor who is re sponsible for overseeing the biomonitoring ac t iv i t i e s (ISSI) will be
r e spons ib l e for checking all work per formed and v e r i f y i n g that the work s a t i s f i e s the s p e c i f i c
tasks outlined by this SOP and the Pro j e c t Plan. It is also the r e s p o n s i b i l i t y of the contractor to
communicate the need for any deviations f rom this SOP with the appropr ia t e USEPA Region 8
persdnnel (Remedial Proj e c t Manager, or Regional T o x i c o l o g i s t ) . It is the r e s p o n s i b i l i t y of the
subcontractor c o l l e c t i n g the sample (Concentra) to communicate with all personnel regarding
s p e c i f i c c o l l e c t i o n ob j e c t i v e s and to communicate with ISSI regarding any ant i c ipa t ed s i tuations
that require deviat ion f rom this SOP.
All personnel per forming b io l og i ca l s a m p l i n g are re sponsible for adhering to the a p p l i c a b l e tasks
out l ined in this procedure while c o l l e c t i n g samples.
3.0 E Q U I P M E N T
• C o l l e c t i o n containers - c e r t i f i ed arsenic-free, large-mouth s t er i l e c o l l e c t i on cup with

screw-top lid
• Glove s - Dispo sab l e , latex, powder l e s s
• P l a s t i c z i p l o c k bags
• C h a i n - o f - C u s t o d y forms - will be provided by ISSI
• Consent Form - will be provided by ISSI
• Field notebook - a three-ring binder book that will store necessary forms used to record

and track sample s c o l l e c t ed as part of the VBI70 biomonitoring program. Binders will
contain chain-of-cus tody forms and Data C o l l e c t i o n Logsheet s .

T e c h n i c a l S t a n d a r d Opera t ing Procedures N o . l S S l - V B 1 7 Q . 1 5ISSI C o n s u l t i n g Group, Inc. - — — — - — -PC o n t r a c t N o . N O O , 7 4 9 9 - D - 0 0 3
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
U R I N E S A M P L I N G F O R T H E D E T E R M I N A T I O N O F R I S K - B A S E D E X P O S U R E T O A R S E N I C

4.0 C O L L E C T I O N OF URINE SAMPLES
Urine samples will be c o l l e c t ed f rom p a r t i c i p a t i n g residents. Each par t i c ipant will be directed to
the c o l l e c t i o n f a c i l i t y (Concentra Medica l Center). Part i c ipa t ing residents will arrive at the
c o l l e c t i o n f a c i l i t y with a voucher provided by ISSI. Concentra personnel will f i l l out a chain-of-
custody form (example provided in Attachment 1) for each sample. All p a r t i c i p a n t s will be
instructed as to the approved procedure for c o l l e c t i n g and submitt ing urine samples. S a m p l e s
wil l be c l early marked with the patient's name, date of c o l l e c t i on , and patient's social security
number. Each sample must have a sample i d e n t i f i c a t i o n label a f f i x e d to the outside of the
c o l l e c t i o n cup, and also a f f i x e d to the chain-of-cus tody form. All sampl e s must be tracked using
the f i e l d notebook, as described in S e c t i o n 6.2
Prior to and f o l l o w i n g urination, each par t i c ipant must wash their hands.
Urine sample s will be co l l e c t ed by taking the wide mouthed b o t t l e into the bathroom. Start to
urinate into the to i l e t as you normally do. After urination has started, c o l l e c t the sample by
in t er c ep t ing the urine stream in mid-air with the wide-mouth bot t l e . Fill the bo t t l e at least h a l f
f u l l with urine and s t op co l l e c t i on by moving the b o t t l e out of the urine stream.
C h i l d r e n should be accompanied by their parent or guardian into the bathroom and
their sample should be co l l e c t ed by an adul t . A d u l t s and teenagers may use the same sample
c o l l e c t i on techniques as chi ldren, but do not require assistance in sample co l l e c t i on.
F o l l o w i n g co l l e c t i on, the container lid must be t i g h t l y secured.
5 . 0 S A M P L E C O N T A I N E R S A N D L A B E L I N G
F o l l o w i n g the procedures out l ined in S e c t i o n 4.0, samples wi l l be c o l l e c t e d d i r e c t l y into sample
containers and labe l ed with a unique sample i d e n t i f i c a t i o n number. Each sample must have a
sample i d e n t i f i c a t i o n number a f f i x e d to the c o l l e c t i o n cup, and also attached to the chain-of-
cus tody form.
6 . 0 F I E L D Q U A L I T Y A S S U R A N C E / Q U A L I T Y C O N T R O L
Adherence to quali ty assurance/quality control (QA/QC) procedures is an important part of f i e l d
sample co l l e c t i on. Field Q A / Q C procedures include documentation requirements and
preparation of f i e l d QC samples.
6.1 F i e l d Qual i ty Assurance S a m p l e s
The f o l l o w i n g qual i ty control sample s wi l l be c o l l e c t e d during this p r o j e c t to h e l p assess the
T e c h n i c a l S t a n d a r d Opera t ing ProceduresI S S I C o n s u l t i n g Group , I n c . S O P N o . 1SS1-VB170-15
Contra c tNo.NOO.74-99-D.003
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precis ion and accuracy of the data c o l l e c t e d . All qua l i ty control sample s will be inserted into the
sample stream b y I S S I .
Field Dupl i ca t e: Field d u p l i c a t e samples are c o l l e c t ed at the same time as the primary sample,
and are submitted blind to the analytical laboratory to test both the precision of the analys i s and
the precis ion of sample co l l e c t i on. In this case, the f i e l d d u p l i c a t e sample is a second s a m p l e of
urine c o l l e c t e d f rom the same ind iv idua l . T h i s sample will be c o l l e c t e d by f i l l i n g a second cup
immediate ly f o l l o w i n g the f i r s t cup. A minimum of 3 f i e l d d u p l i c a t e s will be c o l l e c t e d f rom
p a r t i c i p a t i n g adul t s . If the number of par t i c ipant s exceeds 50, f i e l d d u p l i c a t e sample s wi l l be
c o l l e c t ed at a frequency of 5% of all sample s c o l l e c t ed (1 f i e l d d u p l i c a t e per 20 inve s t iga t ion
sample s c o l l e c t e d ) . Field d u p l i c a t e samples are submitted in a b l ind fa sh ion to the analytical
laboratory. In order to maintain anonymity, f i e l d d u p l i c a t e s wi l l be labe l ed with 'dummy'
pat i ent names and inserted into the sample stream. A li s t of 'dummy' patient names is provided
in Attachment 2. Direction and submission of f i e l d d u p l i c a t e s w i l l be the r e s p o n s i b i l i t y of ISSI.
Blind Standard: The accuracy of an analytical method is evaluated by analyzing a sampl e
medium f o r t i f i e d with a known concentration of target analytes that has been c e r t i f i e d using the
preparation and analysis method for that particular sample medium. Blind s tandards wil l be
inserted into the sample stream using 'dummy' patient names to maintain the anonymity of the
sample. A minimum of 3 blind s tandards at 2 arsenic concentrations wil l be inserted into the
sample stream b y I S S I .
6.2 F i e l d do cumenta t i on
A f i e l d notebook should be maintained by the personnel c o l l e c t i n g blood samples. The f i e l d
notebook is a three-ring binder that contains a Data C o l l e c t i o n Log and the A n a l y s i s Requisi t ion
form for each patient. All entries in the f i e l d l ogbook must be signed and dated by the person
recording the information.
The f o l l o w i n g in format i on wil l be inc luded on the Data C o l l e c t i o n Log:
• date of c o l l e c t i on
• time of c o l l e c t i on
• name of s a m p l i n g technician
• patient name
• patient's social security number
• de s cr ip t i ons of any deviations to this SOP and the reason for the deviation
An example of the A n a l y s i s Requisition form and the Data C o l l e c t i o n Log is provided in
Attachment 1.

T e c h n i c a l S t a n d a r d Opera t ing Procedures N o . 1 S S 1 - V B 1 7 0 - I 5I S S I C o n s u l t i n g G r o u p , I n c . ^—r-.—r;—r
C o n t r a c t N o . N00.74-99-D-003 Date nn999
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7.0 DECONTAMINATION
Biolog i ca l s ampl ing equipment wil l not be re-used. All s a m p l i n g equipment must be d i spo s ed in
the a p p r o p r i a t e container(s).
8.0 G L O S S A R Y
P r o j e c t Plan - The written document that s p e l l s out the d e ta i l ed s i t e - s p e c i f i c procedures to be .
f o l l o w e d by the Pro j e c t Leader and the C l i n i c Personnel.
9.0 R E F E R E N C E S
Agency for T o x i c Substances and Disease Registry, 1998. Exposure I n v e s t i g a t i o n , M i l l t o w n
Reservoir S e d i m e n t s National Priorit ie s List S i t e , Clark F o r k River Operable U n i t , Deer L o d g e ,
Powell County Montana, U . S . Department for H e a l t h and Human Services .

T e c h n i c a l S t a n d a r d Opera t ing Procedure sI S S I C o n s u l t i n g G r o u p , I n c . S . U F N o . I S S I - V B 1 7 0 - 1 5
Contrac t N o . N00174-99-D-003 n ' S 1 0 ? ± Q ou&tc . i i / i y y y
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Data C o l l e c t i o n Log
S a m p l e N u m b e DateCol l e c t ed

H a i r
T i m e I n i t i a l s

Blood
T i m e I n i t i a l s

U r i n e
T i m e I n i t i a l s Comment s

Logbook P a g e Reviewed By: Date:
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A T T A C H M E N T 2
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Pati en t N a m e s to be Used for B l i n d Q u a l i t y Contro l S a m p l e s
N a m e
K y l e Ander s on
H a r o l d BrameRajeev Chau ta
P o l l y DavisC r a i g E n s l e y
A l e s s a n d r o F o r t i n
Abel G l a r d o n
F l o y d H a r r i s o n
Robert H e n d r i c k s o n
Andrew Iverson
Diana I s h a m
Sarah J e n n i g a n
Raymond J o n e s
F r a n k K n o t t sJ a m e s K u t s k o
Lonnie L a b r i o l a
Brian Lucero
K r i s t i n e M o l i n a r i
Ani ta M a r s h a l l
A l b e r t MusserA m y N o e l
Etsuko N i s h i m u r a
Andrew Ochoa
Carol Ottmer
Beulah Peek
A r d i t h Pri t chard
Roy Q u i n l a nA g u s t i n Quintero
Ace Ratc l i f f
Aaron Roybal
Arturo S i g a l aK a r l S t e i n b e c k
A n i t a S a n c h e z
Kurt S w i n g l e
Lao T i z e r
Carrie T r u p i a n o
Murray U n e l l
Chris UtzBenito V a l d e z
A l v i n V o i g h tBarbara W a l d i n g e r
Peter W o l f e
C h o n g Y a n g
Robert York
Byron J o h n s o n
H e i d i H a m
T i m Curran
Rebecca Utrup

S o c i a l S e c u r i t y #
527-55-3942
304-77-9165
636-73-6452
746-01-4495
430-67-2533
271-85-9411
401-77-1802
629-54-4980
520-11-9257
410-56-3309
461-98-0835
529-57-0640
528-62-8117
825-24-1955
539-30-9609
674-78-0370
665-07-7231
455-14-8527
347-53-7037
936-83-5385
495-90-0510
662-88-3825
652-97-6791
520-92-0424
261-14-4322
566-59-2501
510-50-6497
427-74-0676
512-26-3959
450-42-3918
603-31-3864
548-30-5794
599-10-4556
416-61-3547
334-30-4184
605-63-4911
655-91-6413
524-52-0927
520-97-3678
527-21-9696
608-93-5468
568-62-2315
520-70-1753
783-14-9328
680-79-8106
500-83-3425
512-94-9847
352-07-7360
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S a m p l i n g a n d A n a l y s i s P l a n

Preparation and A n a l y s i s M e t h o d s for Lead in Blood, T o t a l Arsenic in H a i r , and Inorganic
Arsenic in Urine
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N A M E O P T E S T :

National Medical Services, Inc.
Toxifology Specialists Worldwide Since 1970

L E A D I n Blood A n a l y s i sby G r a p h i t e Furnace Atomic A b s o r p t i o n S p e c t r o m a t r y

3701 Welsh Road
Wil low Grove, PA :19090

Phone: ( 2 1 5 ) 657-49001-800-522-6671
F a x : ( 2 I S ) ( 5 5 J - 2 9 7 2

NM8 # 6P20

A N A L Y T E C L A S S I F I C A T I O N :

M E T H O D P R I N C I P L E :

S P E C I M E N R E Q U I R E M E N T S :

S P E C I A L . H A N D L I N G :
R E P O R T I N G L I M I T :
P H A R M A C O T O X I C O L O G I CD A T A :
LIMITATIONS OF METHOD: 1.

2.
REFERENCES: 1.

2.
3.
4.

f l .

6.

7.

Heavy Meta lA t o m i c N u m b e r : 82A t o m i c W e i g h t : 207.2
Valence: 2, 4
Lead in blood Is de t ermined using g r a p h i t e furnace atomic absorpt ionspectrometry. The s a m p l e s are di luted with chemical m o d i f i e r and in j e c t edd i r e c t l y into the g r a p h i t e furnace. Concentrations are ca l cu la t ed usi f ig aca l ibrat ion curve constructed f rom a series of blood s tandards.

None i
1 m c g / d L Blood '•
N o n e avai lab l e
Quantitat ive results cannot exceed the highest working standard for that run,
T h e r e is no known inter ference for th i s analys i s by GFAAS. :
T o x i c o l o g y a n d Biological M o n i t o r i n g o f M e t a l s i n H u m a n s . Carr, E l l i s & ' C a r r(eds .) pp. 126-135, Lewis p u b l i s h e r s , C h e l s e a , MT, 19B6 :
Department of Health, A u g u s t 20,1988, Regula t i on s (34 Pa. B. 3697)
Health & Environment Dige s t , Lead: Asse s s ing i t s Heal th. 2:1-5,1988
J a c o b s o n , B.E., L o c k l t c h G., Q u l g l e y , G., Improved S a m p l e preparat ion forAccurate Determinat ion of Low Concentrat ions of Lead in W h o l e Blood by :

Graphite Furnace ana ly s i s , ciin. Chem. 37:515-19,1991. ;iiBoone, J., H e a r n , T., Lewis, S., comparison o f inter Laboratory Resu l t s f or BloodLead with Resul t s f r o m A D e f i n i t i v e M e t h o d , Clin. Chem. 25: 389-93,1979..
W a n g , ST.. Peter Fr. . The Stab i l i ty o f H u m a n Blood Lead in S t o r a g e , J. Anal .TOX. 9: 83-8, 1985. -
F e r n a n d e z , F . J . , H l l l l g o s s , D . , A n improved G r a p h i t e Furnace Method f o r t h eDeterminat ion o f Lead in Blood U s i n g Matr i x Modi f i ca t i on and L'vov Pla t f o rr f t , Atspectrosc. 3:130-1,1982. !
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N A T I O N A L M E D I C A L S E R V I C E SN E W T E S T A N N O U N C E M E N T
T O T A L I N O R G A N I C A R S E N I C & M E T A B O L I T E S( S p e c i a t e d A r s e n i c )TEST CODE: 0467

Sources o f Expo sur e
Arsenic is the twent i e th most abundant element in the earth's crust and may be f o u n d in alll i v ing organisms. It may be present in so i l , f o o d , s h e l l f i s h , tobacco, coal dust and well water.The d a i l y diet in the Uni t ed S t a t e s contains below 0.04 mg of arsenic but may contain up to0.2 mg per day if the d i e t contains s e a f o o d . I n d i v i d u a l s may be exposed to a number ofd i f f e r e n t f o rms of arsenic from the environment and/or from their occupation. T h e s ed i f f e r e n t f o rms of arsenic have varying t o x i c i t i e s .
N o n - t o x i c f o r m s of arsenic inc lude arsenocholine and arsenobetaine which are present ins e a f o o d and are commonly referred to as s e a f o o d or organic arsenic. T o g e t h e r they canreach l e v e l s exceeding 1000 mcg/mL urine within 1-2 days f o l l o w i n g a s i n g l e meal o f f i s hor s h e l l f i s h .
The forms of arsenic which are toxic are c o l l e c t i v e l y termed inorganic arsenic andm e t h y l a t e d me tabo l i t e s . T h e s e toxic f orms o f arsenic inc lude t r iva l ent arsenic, p en tava l en tarsenic, d ime thylar s in i c acid and me thylar son i c acid, and are commonly referred to as totalinorganic arsenic, non-dietary arsenic or s p e c i a t e d arsenic. I n o r g a n i c arsenic can be f o u n d inhazardous waste sites, pe s t i c ide s , herbicides, glassware, marine paints , ant pastes andveterinary ant ihe lminths . Inorgan i c (or non-die tary) arsenic is a l s o involved in a l l o yproduc t i on , p igment produc t i on , microchip produc t ion, and the s m e l t i n g of copper , lead andzinc. The greatest source of human exposure today is through the use of arsenical p e s t i c i d e s ,which accounts for over 80% of indus tr ia l arsenic exposure. Arseni c can be absorbed intothe body f o l l o w i n g inha la t i on , inge s t i on or dermal contact.
H e a l t h E f f e c t s
A s s e s s i n g chronic exposure to the tox i c f orms of arsenic (inorganic or non-die tary arsenic)may be d i f f i c u l t since the symptoms tend to be n o n s p e c i f i c . T h e s e symptoms u s u a l l yinvolve diarrhea, abdominal pain, h y p e r p i g m e n t a t i o n of the skin and dermal lesions. T h e r emay be l o ca l i z ed edema, sore throat, s a l iva t i on , garl i c odor of the breath, cardiovascularand/or neuro log i ca l e f f e c t s . There i s a l so e p i d e m i o l o g i c a l evidence s u g g e s t i n g a s i g n i f i c a n tincrease in the incidence of skin and lung cancer. S y m p t o m s of acute exposure to inorganicarsenic may include nausea, vomiting, chest pain, cerebral edema, del ir ium, coma and death.
Laboratory T e s t I n d i c a t i o n s - B i o l o g i c M o n i t o r i n g :
T h e American Confer ence o f Governmental I n d u s t r i a l H y g i e n i s t s ( A C G I H ) recommendsmonitoring workers exposed to arsenic by c o l l e c t i n g and analyzing the end of the workweek urine for total inorganic arsenic (Test Code 0467).
T o t a l arsenic analys i s ( T e s t Code 0466) measures both inorganic and organic arsenic. T h i stest can be used to monitor workers if the workers avoid s e a f o o d for at least two days priorto specimen c o l l e c t i o n . However, it is o f t e n difficult to control s ea f ood intake prior tospecimen co l l e c t i on . If an e l evat ed re sul t is obtained us ing t h i s t e s t , it is recommended thatthe urine is analyzed for t o t a l inorganic arsenic to determine whether the exposure is r e la t edto d i e tary or non-dietary arsenic.
T o t a l Arseni c analy s i s (Test Code 0460) is more a p p r o p r i a t e in b l o o d , serum, p l a s m a or
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other t i s sues in cases of su sp e c t ed p o i s o n i n g or overexposure.
In a d d i t i o n to the above ment i oned t e s t s , our Hair Exposure a n a l y s i s for A r s e n i c i sa p p r o p r i a t e for d e t e r m i n i n g past exposure to arsenic (i.e. more than 7 days). S o m e t i m e s it isimportant to determine the t ime f rame of arsenic p o i s o n i n g . S e g m e n t a t i o n of the hair can beper f ormed to determine the a p p r o x i m a t e time of exposure. P l e a s e c a l l the laboratory fors egmentat ion f e e s , or for to tal inorganic (non-di e tary) arsenic a n a l y s i s in specimens otherthan urine.

T e s t Name:

T e s t Code:
Spec imenRequirements

M e t h o d ofA n a l y s i s :

Repor t ingLimi t:

ReferenceRange:

T o t a lI n o r g a n i cArsenic,Urine( S p e c i a t e d )
0467
l O m L E n dof WorkWeek Urine

F l o wI n j e c t i o nAtomicS p e c t r o s c o p y
l O m c g / L

ReferenceRange\inexposedj o p u l a t i o n ) :ess than 20m c g / L .B i o l o g i c a lexposurendex (BEI):50 m c g / gcreatinine.

T o t a l Arsenic ,Urine

0466
l O m L E n d o fwork WeekUrine. Avoids ea foodconsumption f or48 hours prior tosampleco l l e c t i on.

G r a p h i t eFurnace AtomicA b s o r p t i o nS p e c t r o s c o p y
20 mcg/L

ReferenceRange(unexposedp o p u l a t i o n ) : lessthan 20 mcg/L.S e a f o o dconsumptionwithin 2 to 3days be forespecimenc o l l e c t i on canmarkedlyincrease totalarsenic.evel s .BiologicalExposure I n d e x(BEI): 50 m c g / gcreatinine.

T o t a lArsenic ,Serum,Plasma,Blood
0460
4 mL Serum,Plasma orBlood. ( A l lvenipuncturesshould beper formedusing a royalblue toptube.)
Graph i t eFurnaceAtomicA b s o r p t i o nS p e c t r o s c o p y
5 mcg/L

P h y s i o l o g i c(unexposednormal): le s sthan 5 mcg/L.S e a f o o dconsumptionwithin 2 to 3days be forespecimenc o l l e c t i o n canmarkedlyincrease totalarsenicevels.

T o t a lArsenic ,H a i r

0460
500 mgPencil T h i c kH a i r .Bundle, cutat roots, andindica t e rootend ifsegmentationanalysis isrequired.
G r a p h i t eFurnaceAtomicA b s o r p t i o nS p e c t r o s c o p y
Depends onweight ofhairsubmitted.
Repor t ingl i m i tdeterminedeachanalysis.U s u a l l y 0.03to 3 m c g / ghair.

References: | |~ I. ACGTH American Conference of Governmental
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I n d u s t r i a l H y g i e n i s t s . T h r e s h o l d L i m i t V a l u e s f o rChemical Substance s and Physical A g e n t s andBio l og i ca l Exposure I n d i c e s . Cinc innat i , 1991 -1992.2. Vahter, M., C l i n . Chem., 40, 678-80,1994.3. Baselt , R.C., Cravey, R.H., D i s p o s i t i o n of T o x i cDrugs and Chemical s in Man, 3rd Ed i t i on , 65 - 69,1989.
6797

For more i n f o r m a t i o n concerning Arsenic or o ther analy s e s , p l e a s e ca l l 800-522-6671.
HOME P A G EF e a t u r e d T e s t sA l p h a b e t i c a l T e s t L i s t i n g

Copyr igh t © 1997, N a t i o n a l M e d i c a l Service snms@nmslab.com

ht tp:/ /www.nms lab . com/ar s en i c .h tml 1 / 6 / 0 0



Uif National Medical Services, Inc.
Toxicology Specialists Worldwide Since 1970

3701 Wcls!
W i l l o w Giwe, PA

1-800-52

i Road
19090
H900
'.-6671

tax: ( 2 1 5 ) 657-2972

N A M E O F T E S T : A R S E N I C I n Dialy s i s Water, Diges ted S a m p l e , Liquidby G r a p h i t e FurnaceAtomic A b s o r p t i o n S p e c t r o m e t r y
N M S 0 0 4 6 0

A N A L Y T E C L A S S I F I C A T I O N :

M E T H O D P R I N C I P L E :

S P E C I M E N R E Q U I R E M E N T S :

R E P O R T I N G L I M I T :
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D A T A :

LIMITATIONS OF METHOD: 1.
2.
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G r a p h i t e f urnac e atomic ab sorpt ion S p e c t r o m e t r y (QFAA3) is an aomicabsorpt ion technique which uses the characteristic wavelength absorbed f romground-s tate atoms of an analyte to, determine trace metal concentre ions.Zeeman background correction is e m p l o y e d in th i s method. S a m p l e ; arein j e c t ed d i r e c t l y into the g r a p h i t e furnace with nickel nitrate chemical modi f i e r .The Concentrations are ca l cu la t ed by the computer system using a cal ibrat ioncurve based on aqueous standards.

5 mcg/L for Dialy s i s Water, Liqu idDetermined f or each a n a l y s t s f o r Digested S a m p l e s
Current data is a v a i l a b l e In the laboratory computer system and on eachi n d i v i d u a l pa t i en t report.
Quant i ta t iv e result s cannot exceed the h ighe s t working s tandard for that run.
T h e r e is no known int er f erence for As analys i s by GFAAS.
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N A M E O F T E S T : T O T A L I N O R G A N I C ( N O N - D I E T A R Y ) A R S E N I C I N U R I N Eby Hydride Generation

A N A L Y T E C L A S S I F I C A T I O N : M e t a l l o i dAtomic N u m b e r 3 3Atomic W e i g h t 74.92Valence: 3,5
M E T H O D P R I N C I P L E : The h y d r i d e technique Involve s the reaction of a c i d i f i e d aqueous sampl e s with areducing agent, such as sodium borohydr lde . The sodium borohyd r ide /ac id Ireduction generates hydr ide s as shown in the follow equations (1 ). :

E m + + H ( e x c e s s ) O E H n + H 2 ( e x c e s s ) [ E q . 2 ]
where E = the ana ly t e of Intere s t and m may or may not equal n.
This reaction generates a v o l a t i l e hydr id e which is t ranspor t ed to a quartz cell bymeans of an argon carrier gae. In the quartz c e l l , the hydr ide s are converted, togaseous metal atoms.

It i s believed that a t o m j z a t i o n of the hydride occurs f rom co l l i s i on s with freehydrogen radicals (2,3). In the quartz c e l l , the generated analy t e atoms arecontained in the pa th of a source l a m p and a s ignal is generated by measuringthe amount of light absorbed.
T h e s e s i g n a l s can then be used to determine trace metal concentrations. IAqueous spiked s tandards and urine s ampl e s are first mixed with pre-reducings o l u t i on , and then s a m p l e d to a hydr id e generator through a flow Injection 'analyzer. The concentrations are calculated by using the ca l i bra t i on curve basedon aqueous spiked s tandards .

S P E C I M E N R E Q U I R E M E N T S :

R E P O R T I N G L I M I T : 10 mcg/L

12/3/99 © Copyright 1999 National Medical Services, Inc.



Total Inorganic Arsenic

LIMITATIONS OF M E T H O D : 1 .

P H A R M A C O T O X I C O L O G I CD A T A :

R E F E R E N C E S :

3.

4.

5.
6.

Quanti ta t ive r e su l t s cannot exceed the h ighe s t working standard or be lese thanthe lowest working s tandard for that run. I
There are no known int er f erence s for I n o r g a n i c Arsenic ana ly s i s by hydr id egeneration.

Current data is ava i lab l e in the laboratory computer system and on eachi n d i v i d u a l pa t i en t report.
Dix, K., et at. Arsenic S p e c i a t i o n by C a p i l l a r y Gas-Liqu id C h r o m a t o g r a p h yChrom S c i . , 25,164-169 (1987).
Foa, V., e t at . The S p s c l a t i o n of the Chemical Forms of Arsenic In the Bio l og i ca lM o n i t o r i n g of Exposure to I n o r g a n i c Arsenic. The Sci. of the Total Envir, 34:241-259(1984).
Yamauch i , H., et al. Bio log i ca l M o n i t o r i n g of Arsenic Exposure to G a l l i u m ;Arsenide - and I n o r g a n i c Arsenic - Exposed workers by Determination ofInorganic Arsenic and i t s m e t a b o l i t e s in Urine and Hair, Am. Ind. Hyg. Assod . J.,
50:606-12 (1980). •;
VersiecK, J. and C o r n e l l s , R., Trace Elements in H u m a n Plasma of Serum, liRCPress (Boca Raton, Florida), p. 75 (1989).
Lauwery, R.R., Indus tr ial Chemical Exposure: G u i d e l i n e s for Bio l og i ca lM o n i t o r i n g , Blomed i ca l Pub l i ca t i on s (Dane, CA), p. 47 (1083).
A c c u m u l a t e d N M S da ta , 1B80.
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> * * ^ * . U N I T E D S T A T E S E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
REGION 8

999 18™ STREET - SUITE 500
D E N V E R , CO 80202-2466h t t p : / / w w w . e p a . g o v / r e g l o n 0 8

Ref: 8EPR-SR

Dear Resident:
As you know, the Environmental Protection Agency (EPA) co l l e c t ed soil s ampl e s f rom

your yard as part of a study in your neighborhood to i d e n t i f y homes that may have elevated l eve l s
of arsenic or lead in soil. The resul t s of the sampl ing of your yard indicate that a clean up is
needed. With your cooperation, EPA will do the necessary cleanup at no cost to you.

In this period of time b e f or e EPA begins the c leanup of your yard, we wish to be sure that
you and your f a m i l y members are not being exposed to unsafe levels of arsenic or lead f r om the
soil. The best way to do this is to measure the l eve l s of arsenic in your urine a n d / o r hair, and the
level of lead in your b lood. I encourage you and all the members of your f a m i l y to volunteer to
have these measurements taken. If any of the samples indicate higher than normal level s , I or
another EPA representative will immediate ly meet with you to i d e n t i f y ways to reduce the
exposures to sa f e levels. EPA may p u b l i s h summaries of the measurements but your name and
individual result s will be kept s tric t ly c o n f i d e n t i a l .

If you choose to have the measurements taken, you will need to go to the Concentra .
Medi ca l Center on 58 t h Stre e t so that the required sample s can be co l l e c t ed by a trained heal th
technician. A map showing the location of the clinic is attached. EPA is o f f e r i n g this as a service
tp you and your fami ly members and there is no cost to you. For each member of your fami ly , all
you need to do is fill out the attached f orm with their name and addres s and take the form and the
enclosed voucher to the clinic. I will provide the results of the analyses to you as soon as they are
reported to EPA.

If you have any questions about any part of this o f f e r , don't hesi tate to call me at (303)
312-6579, Ted F e l l m a n at (303) 312-6119, or Patricia Courtney at (303) 312-6631.

Sincerely,

/Bonnie Lavel l e
Remedial Proj e c t Manager

'Printed on Recycled Paper



A U T H O R I Z A T I O N F O R P A R T I C I P A T I O N
C L I N I C V O U C H E R

P r o j e c t : I S S I C o n s u l t i n g Group, Inc . - V B - I 7 0

Name:
A d d r e s s :

T e s t s
1 . Urine Arsenic
2. H a i r Arsenic
3. Blood Lead

s^By: (/r EMAuthorized By
N o t e : T h i s voucher is valid through S a t u r d a y , March 31, 2000.

Date:

C l i n i c L o c a t i o n
C O N C E N T R A M E D I C A L C E N T E R S

C O N C E N T R A N O R T H
420 E. 58th Ave., S u i t e 111

Denver, CO 80216
( 3 0 3 ) 292-2273

Hours: 7 a.m. - 6 p.m.
(Walk- in , No appointment required)

Direc t ions: Take 1-25 to 58th St. Go east on 58th. The c l i n i c is d i r e c t l y east of Wendy's.
1-25

58thI
N " C L I N I C



How sample s are c o l l e c t e d :

Blood: About 2 tab l e spoon s of blood will be drawn f rom each person who volunteers to
p a r t i c i p a t e in this s tudy.

Urine: You w i l l be given a c o l l e c t i o n cup, and asked to provide about 3 ounces of urine. You
should avoid s ea f ood and red wine for three days b e fore you go.

Hair: A small bundle of hair (about the width of a p e n c i l ) will be co l l e c t ed from an
inconspicuous p la c e (back of the neck or behind the ears).



C O N S E N T T O P A R T I C I P A T E I N B I O M O N I T O R I N G
Before agreeing that I will part i c ipate in this study, it is important that I read

and understand the f o l l o w i n g explanat ion. It describes, in words that can be
understood by a lay person, the purpose , procedures, b ene f i t s , risks and d i s c omfor t s
of the s tudy and the precautions that will be taken. It also describes the alternatives
available and the right to withdraw from the s tudy at any time. It is important to
understand that no guarantee or assurance can be made as to the results of the
study. It is also understood that par t i c ipa t i on in this s tudy is s t r i c t ly voluntary and
that re fusal to p a r t i c i p a t e in whole or any portion of the s tudy will not result in
p e n a l t y to me or my fami ly, or inf luence the availabili ty of standard medical
treatment.

I, ____________________ have volunteered to p a r t i c i p a t e in the
biomonitoring program in my neighborhood.

I understand that by volunteering, I will receive information about the level of
lead in my blood a n d / o r the level of arsenic in my hair a n d / o r urine.

OR

I, ____________________ wish to volunteer the f o l l o w i n g members of
my f a m i l y for blood lead, urinary arsenic a n d / o r hair arsenic testing:

___________________________, age__________
___________________________, age__________
__________________________, age_________
__________________________, age________
I understand that by volunteering, I will receive information about the level of

lead in blood a n d / o r arsenic in hair a n d / o r urine in each member of my f a m i l y who
was tested.

Procedures

R:\Vasquez & I-70\Projec t Plans\Phase I I I \ B i o m o n i t o r i n g \ F i n a l \ A t t a c h m e n t 2\Consent.doc 1 of 3



I understand that my voluntary p a r t i c i p a t i o n in this biomonitoring program
will involve some temporary inconvenience. I understand that I will be asked to go
to a neighborhood location so that some blood, urine a n d / o r hair can be col lec ted
f rom mysel f or members of my fami ly.

I understand that I will not receive any compensation for my part ic ipat ion.
I _____________________, voluntarily agree to have the f o l l o w i n g

samples col lected as part of the biomonitoring program and consent to par t i c ipa t ion.
My part i c ipa t ion involves (indicate which sample s you would like to have
c o l l e c t ed):
Yes No
LH LJ urine (arsenic test). A l l o w i n g collection of about 3-4 oz. of urine.

LJ LJ hair (arsenic te s t). A l l o w i n g co l l e c t i on of a small amount of hair
( a p p r o x i m a t e l y as wide as a penc i l) f rom an area on the head in a
minimally conspicuous area.

C] LJ blood (lead test). A l l o w i n g collect ion of about 1-2 teaspoons of
blood.

Potential Benef i t s
I understand that this s tudy may bene f i t me because it may h e l p me to

determine if mysel f or members of my f a m i l y are being exposed to excess levels of
lead or arsenic, and may he lp me f ind ways to reduce these exposures.

Risks, Discomfort s and Precautions
I understand that col lec t ion of blood requires that a small needle be used to

enter a vein. I also understand that a bruise can d ev e l op at the site where blood is
drawn.

I understand that collection of urine will require me to urinate into a collection
container at the laboratory.

I understand that collection of hair requires that a small amount of hair be
col l ec t ed from near my scalp. The amount of hair will be a p p r o x i m a t e l y the width
of a pencil. The location for the collect ion will be selected in a minimally
conspicuous area.

R:\Vasquez & I-70\Prqje c t P l a n s V P h a s e I H \ B i o m o n i t o r i n g \ F i n a l \ A t t a c h m e n t 2\Consent.doc 2 of 3



C o n f i d e n t i a l i t y of Records
I understand that personal information will be kept in conf idence by the

biomonitoring s t a f f . I also understand that neither I, nor any member of my fami ly ,
will be i d e n t i f i e d by name in any reports of the results of the program.

I understand that I can obtain addi t i onal information about this program and ,
my rights by contacting Bonnie Lavelle, at (303)-312-6579, or the f o l l o w i n g address:

U.S. Environmental Protection Agency
99918th Stre e t , Suite 500
Denver, Colorado 80202

I understand that I have the right to withdraw f rom having my blood, urine, or
hair tested at any time and that withdrawing will not result in any penal ty to me.

Based on the information provided above and having had the oppor tun i ty to
discuss any concerns with the investigator or his designee, I voluntarily consent to
p a r t i c i p a t e in this biomonitoring program.

Printed Name of Volunteer Signature of Volunteer
(Or name of Parent or Guardian if f orm is
Being signed for a minor)

Name of Witnes s (Prin t ed) Signature of Witne s s

Date

R:\Vasquez & I-70\Projec t Plans\Phasc I I I \ B i o m o n i t o r i n g \ F i n a l \ A t t a c h m e n t 2\Consent.doc 3 of 3



fays to protect your health
from getting into your house and into your body

Wash and peel all f r u i t s ,
vegetables , and root crops

Damp mop f l o o r s and
d a m p dust counters and

f u r n i t u r e r e g u l a r l y

W i p e shoes on doormat
or remove shoes

Don't ea t f o o d , chew gum,
or smoke when working

in the yard

Wash dogs r e g u l a r l y Wash c h i l d r e n ' s toys Wash c h i l d r e n ' s hands
and f e e t a f t e r they have

been p l a y i n g ou t s ide



C6mo proteger su salud
Evitando que el polvo entre a su casa o a su cuerpo

L i m p i e y p e l e la s f r u t a s ,
los vegetales y las viandas L i m p i e s e los z a p a f o s en la a l f ombra

de la entrada o quitese los zapatos
No coma, mastique gonna

de mascar, o f u m e mientras
este t r a b a j a n d o en el p a t i o

L i m p i e la casa con
>ano y t rap eador humedo

Bane a los perros
regulammerite

L i m p i e reguiarmente
los J u g u e t e s de ios.ninos

Lave las nnanos y los p i e s
de sus ninos d e spue s de que
hayan estado j u g a n d o a fuera


